The heavy focus on Pacific Northwest saw-log prices makes it difficult for land managers to develop price expectations for stands that contain both sawtimber and nonsaw-timber logs. This raises the question: What is a reasonable proxy (or measure) for non-sawtimber prices in the Pacific Northwest? One such proxy is export chip prices, which serve as a reasonable measure of value in three ways. First, they reflect the underlying trends in all chip markets. Second, they reflect expected patterns of market arbitrage. Third, they help to explain seasonality and cyclical variation in the chip market.
Introduction
Unlike other regions in the United States, the Pacific Northwest forest sector is perceived as an almost exclusively sawtimber market.
1 That is, most of the timber harvested is sold and reported in terms of saw logs-logs larger than 11 inches in diameter and destined for one of several types of solidwood forest products mills. The notions of value that drive land stewardship and industrial decisions in the Pacific Northwest are based on price expectations for stumpage (saw logs) and lumber such as those shown in figure 1. This figure shows two strong periodic increases in stumpage prices. The first period follows World War II and reflects price adjustments due to abolishing wartime price controls and to the 1950s housing boom. The second period starts in the mid-1960s and reflects both increased volatility (as part of the overall volatility in commodity markets, including large changes in energy prices in the 1970s) and upward trends in prices (resulting from overall price inflation and increased housing demand). The average rate of real price 2 increase for saw-log stumpage shown in figure 1 is 3.9 percent per year for the 87-year period.
RICHARD W. HAYNES is a research forester, Forestry Sciences Laboratory, P.O. Box 3890, Portland, OR 97208-3890. 1 Timber markets are characterized differently in different regions but generally a complete typology would include four broad components for groups of softwood and hardwood species. These four groups are two roundwood (sawtimber and nonsawtimber) and two residue (mill and other) components. Most actual price reporting focuses on major regional markets for specific components, such as softwood roundwood nonsawtimber (or pulpwood) in the South, softwood sawtimber in the Pacific Northwest, and hardwood sawtimber in the Northeast. 2 Real prices refer to prices that have been adjusted for inflation (in this case, using the Producer Price Index). The focus on saw-log prices (derived from logs used for lumber, plywood, poles, and export) makes it difficult to develop price expectations for mixed stands that contain both sawtimber and nonsawtimber logs. Nonsawtimber logs smaller than 11 inches in diameter have long been part of the log mix, but the perception of their increasing share of the market in the last decade has raised concerns about how to develop price expectations. Such price expectations are key to assessing the likelihood that a timber sale will be sold either for final harvest or as an opportunity to implement silvicultural prescriptions through the use of timber sales. What is a reasonable basis for developing price expectations for stands that contain a wider array of potential log sizes smaller than sawtimber? While there are widely available sawtimber prices, what measures of nonsawtimber prices are available to help shape perceptions about the value of small-diameter stands?
An array of products can be made from nonsawtimber, including those using chips, such as pulp and paper. While the Pacific Northwest has a long history of reported prices for sawtimber (see fig. 1 ), it has no conventionally accepted price series for nonsawtimber markets. Without a direct price measure, proxies for nonsawtimber markets, such as chip prices, need to be evaluated for possible use.
The purpose of this research note is to examine the available continuous price measures of a nonsawtimber commodity that can serve as a proxy for nonsawtimber prices. The most readily available price measure is for chips. In figure 2, two measures of chip prices plus the sawtimber price from figure 1 are shown. As a caution, sawtimber prices are reported as stumpage (standing timber) while chip prices are typically reported as delivered prices (to mills, chip yards, etc.) and reflect stumpage, logging, and hauling costs. As a general observation, the various prices differ but share the same general upward trend during the 1968-96 period (roughly 2 percent per 
Chip Prices
The only long-term continuously reported chip prices for the Pacific Northwest are for the export market, which have been reported since 1968 in various issues of "Production, Prices, Employment, and Trade in Northwest Forest Industries" (see, for example, Warren 1997). The volume, nominal price data, and the real price data for the two customs districts 3 and the average for the Pacific Northwest are in the appendix, tables 1 through 12.
In some respects export chip prices may not be a useful proxy. The experience in the saw-log market suggests that the export market is differentiated by increased handling, generally higher quality standards, and various forms of trade barriers, which contribute to price premiums for export logs (see Flora and others 1993 for a discussion of these differences and for estimates of price premiums in the export log market). Although these differences lead to concerns about the relations between domestic and export prices, I believe that export chip prices serve three useful roles. First, they reflect the underlying trends in all chip markets including the emerging market for fiber logs. Second, in peak markets, prices in the export and domestic markets are arbitraged against each other so that export prices represent some type of higher bound to chip prices. Third, these export prices help explain seasonality and cyclical variation in the chip market.
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Trend in Prices
In past market assessments, Pacific Northwest chip markets have been treated in scant detail but the general assumption has been that domestic chip markets exhibit no real price trend (see Haynes and others 1995) . In terms of figure 1 , that means the plot of prices is flat for the period in question. However, chip price data from the customs districts illustrate an upward trend (2 percent per year for the ColumbiaSnake Customs District and 1.6 percent per year for the Seattle Customs District) in the two markets when measured during the 30 years for which data exist (see figs. 3 and 4).
These results are somewhat deceptive because figures 3 and 4 illustrate a lack of uniformity in price movements. There seems to be two general plateaus in the chip price series : 1968-79 and 1980-96. In the economic literature this type of trend break often reflects an underlying structural shift in some relation between the two periods (Cogley 1997). In this case the structural shift could be due to the deep recession that started in 1980 and fundamentally altered cost structures in U.S. producing regions. This hypothesis is often tested by using a Chow test for the equality of coefficients in two relations for the period in question (Chow 1960) . In this case there is a significant break in the data, reducing the trend by roughly half to 0.9 percent per year for the Columbia-Snake Customs District and to 0. As can be seen from figure 1, this pattern generally corresponds to similar movements in the sawtimber stumpage market, except in the 1980s when market prices fell and chip prices rose. This reflects two general underlying trends. First, since chips often are manufactured from mill residues, the drop in lumber production in the early 1980s led to a sharp increase in chip prices during a time when stumpage prices fell to low levels. Second, since the major export chip market is in Japan, it is necessary to consider how price increases expressed in dollars are viewed by consumers who saw chip prices expressed in yen. Figure 5 illustrates this trend and shows that between 1984 and 1996 U.S. and Japanese consumers of chips received different price signals largely because of changes in the yen-per-dollar exchange rate. During this period, Japanese consumers saw U.S. chip prices decline 28 percent while U.S. consumers saw prices for the same chips rise 52 percent. The relative change in the value of currencies potentially increases demand for these products in foreign markets, keeping prices high when U.S. demand might be low.
In closing, there are trends in the export chip price data that are related to underlying differences in how price changes are perceived by different groups (in this case, nationalities) of consumers. These trends in recent years have been modest (compared to the 1970s), but upward.
1 9 6 8 1 s t 1 9 7 1 1 s t 1 9 7 0 1 s t 1 9 6 9 1 s t 1 9 9 3 1 s t 1 9 8 7 1 s t 1 9 8 6 1 s t 1 9 8 5 1 s t 1 9 7 7 1 s t 1 9 7 6 1 s t 1 9 7 3 1 s t 1 9 7 5 1 s t 1 9 7 4 1 s t 1 9 7 2 1 s t 1 9 8 1 1 s t 1 9 8 0 1 s t 1 9 7 9 1 s t 1 9 7 8 1 s t 1 9 8 2 1 s t 1 9 8 3 1 s t 1 9 8 4 1 s t 1 9 8 8 1 s t 1 9 9 1 1 s t 1 9 9 0 1 s t 1 9 8 9 1 s t 1 9 9 2 1 s t 1 9 9 4 1 s t 1 9 9 6 1 s t 1 9 9 5 1 s t 1 9 9 7 1 s t In general, domestic chip prices (labeled "residue" in fig. 2 ) illustrate many of the same trends as those for the export market, suggesting that the two markets share related underlying determinants (see fig. 2 ). The limited domestic chip price series was developed from data collected from sawmills that purchased Forest Service timber. The prices are for chipped mill residues and reflect a condition known as clean chips (because they contain no bark or dirt). These data were used in support of the Forest Service timber appraisal process, which included residue prices as part of potential mill realizations (the total value that a mill receives from a timber sale). The data were summarized and reported by Adams and others (1988) . These residue prices are no longer available because appraisal methods changed in the late 1980s.
Conventional thinking in the Pacific Northwest is that the export and domestic chip markets coincide only at peak market periods. This reflects the proposition that the export market shows longer term market prices for a relatively high-quality product, whereas the domestic market is a mix of long-term contracts, spot markets (some of which is exported), and mixed quality (and species) product. The available price data suggest a fixed relation 4 between the two markets where the domestic price is about 80 percent of the export price. There is also little evidence (see fig. 2 ) that the markets coincide only in peak market periods. The relation (except in 1971) seems to be fairly consistent. This does not change the notion that export prices might set some type of limit but it does reduce the utility of such notions. While not in a definitive fashion, these results support the proposition that export chip prices are a reasonable proxy of all chip prices because there seems to be consistent market arbitrage occurring in different aspects of the chip market. Additionally, differences in prices represent different underlying cost structures rather than artificial barriers.
Forest products price data are generally reported without seasonal adjustments. The issue of seasonality in various stumpage and lumber markets was examined by Haynes (1991) and Sohngen and Haynes (1994) . In general, we found seasonal patterns in the quarterly data that affects intrayear comparisons among quarters, but no evidence of cyclic patterns in the annual data.
In general, a price series has four components: trend, cycle, seasonality, and randomness. The trend component suggests whether prices generally increase or decrease over time. The cycle component relates to the business cycle in general; for example, some component of price is determined by the general level of economic activity at the time. Seasonality is a component causing prices to be higher or lower during certain times of the year. Randomness represents all that cannot be explained by the other three components.
The process for determining seasonality was taken from Pindyck and Rubinfeld (1981 These indices show a modest amount of seasonality similar to what was found in the stumpage and lumber markets in the Pacific Northwest (see Haynes [1991] and Sohngen and Haynes [1994] ). The empirical evidence shows only a small amount of long-term trend in the price data, because the sum of the seasonal indices is nearly 4.00. The implication is that the volatility in the chip price data seems to be due to long-term cyclic trends in the market. The cyclic trends that affect chip markets may be similar to slumps in overall economic growth. Seasonally adjusted price data are in the appendix, tables 13, 14 and 15.
Seasonality and Cycles
Fiber Log Prices Although chip prices continue to serve as a proxy for the value of nonsawtimber, prices are now being reported for fiber logs in addition to prices for chips derived from mill residues. Fiber logs are a mix of logs averaging 5 inches in diameter and larger. Stands considered to be predominantly fiber stands average roughly 8 inches in diameter where sawtimber stands average at least 11 inches in diameter. Fiber log prices are typically expressed on a per ton basis delivered to mills. Fiber log prices generally follow sawtimber prices but there are few comparable price series to provide a more definitive view. As shown here, both types of timber share the same downward trend (roughly a 25 percent drop from the high prices in 1994-95 to the 1997 level) although there are differences in the 1994-95 period.
Discussion
Changes in the chip markets are interesting in their own right, but they also play an important role as a proxy for what is happening in broader timber markets. Interest in chip prices has increased dramatically in the 1990s as harvests shift into generally smaller diameter second-growth stands. For example, in western Oregon and Washington, the average diameter of harvested stands on private timberland fell 35 percent (nearly 3 percent per year) between 1976 and 1991 (Haynes and others 1995). Recently, relative changes in both average stand diameter and sawtimber-fiber log markets have created confusion about the feasibility of various silvicultural practices being implemented using timber sales 6 as the means for achieving desired future conditions for contiguous sets of stands. One management question has become: What is the minimum sawtimber fraction in stands that will sell using traditional timber sales? 5 These prices are reported in the "Blue Mountain Renewable Resources Newsletter," published quarterly by the Oregon State Extension Service in La Grande, Oregon. Fiber log prices were converted from a per ton basis to a thousand board feet (MBF) basis by the conversion factor 1 MBF = 4.254 tons (of selected species common in the Blue Mountains of Oregon).
The extent of the problem of designing and offering timber sales with a high likelihood of selling can be illustrated from these fiber log prices. Assuming logging costs of $115 per thousand board feet, one can compute the minimum sawtimber fraction of stands in northeastern Oregon that will sell, and that the value of those stands will equal or exceed the costs of logging them. This amount ranged between 20 and 33 percent during 1994-97 7 and exemplifies some of the difficulty recently experienced in designing sales that can be sold. For example, a sale designed in 1995 needed only 20 percent sawtimber in order to sell, but a sale in 1997 needed 33 percent sawtimber to sell.
A final discussion point is the relation of chip prices in the Pacific Northwest with those in Alaska (real prices for the Anchorage Customs District are shown in the appendix, table 12). As is argued elsewhere (Haynes and Brooks 1990), prices in Alaska for stumpage are arbitraged against those in the Pacific Northwest because both regions share many of the same markets. The price data for the last 25 years suggest little actual relation between chip prices in Alaska and the Pacific Northwest. This reflects a divergence between types of pulp markets. The two operating pulp mills in Alaska produced only dissolving pulp while mills in the Pacific Northwest produced standard pulp. Another suggestion is that chip prices in the Pacific Northwest are related more to lumber prices than to pulp prices, and chip prices in Alaska are related more to pulp prices than to lumber prices. Finally, the recent closure of both pulp mills in southeastern Alaska may lead to closer relations between chip markets in the Pacific Northwest and Alaska.
Conclusions
Earlier, the question was raised: Are export chip prices a reasonable proxy of nonsaw timber values? The preceding discussion, although lacking a definitive test, suggests that export chip prices provide a useful proxy for nonsawtimber values in understanding trends and seasonal issues. This judgment is based on both the empirical relations between export and domestic chip prices in the Pacific Northwest and the more subjective evaluation of the how underlying market trends have affected sawtimber and nonsawtimber markets differently.
Finally, several general statements can be made about chip markets. First, there are long-term upward price trends in the chip price data. This rate of increase has slowed in recent decades and it is considerably less than for sawtimber. Second, there is a rough fixed relation between the domestic and export chip markets. These results support the proposition that export chip prices are a reasonable measure of all chip prices because there seems to be consistent market arbitrage occurring in different aspects of the chip market. Third, these indices show a modest amount of seasonality, similar to what has been found in the stumpage and lumber markets in the Pacific Northwest. 140 1989 198,897 206,821 236,547 158,298 1990 156,525 236,160 181,488 170,224 1991 225,541 120,991 154,151 180,368 1992 142,730 151,791 164,030 124,591 1993 173,528 125,783 174,342 114,912 1994 165,675 129,913 268,569 191,716 1995 90,506 138,652 158,401 155,135 1996 141,570 170,023 124,553 153,842 1997 159,662 211,179 ---- --------------------------1982 dollars per short ton------------------------- -----------------------------------------Short tons----------------------------------------------- ----------------------------------Dollars per short ton------------------------------------ 
